Kinetic analysis of the mitotic cycle of living vertebrate cells by atomic force microscopy.
The atomic force microscope (AFM) is becoming an important tool for qualitative and quantitative analyses of biological material. However, the difficulties involved in maintaining long-term, steady-state physiologic conditions and the problems associated with analyzing force curves generated from highly viscoelastic biological structures impede the use of the AFM for studies of kinetic processes in living vertebrate cells. In this report, we describe a simple method to track reproducibly kinetic changes in the localized stiffness of vertebrate cells. We tested our method on a study of vertebrate cells in mitosis and found a marked but transient decrease in stiffness occurs in the mitotic spindle region during anaphase. We propose that physical-chemical changes in the mitotic apparatus, most probably, changes in the state of polymerization of interzonal spindle fibers which also have been reported to undergo a marked reduction in birefringence during anaphase, are responsible for the observed decrease in stiffness. Our methodology affords a new approach to studying mitotic events and should be applicable to studies of a variety of viscoelastic properties of living cells.